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ABSTRACT 
The Jurassic Gypsum Spring Formation is a diverse evaporitic/shallow marine suite of 
sediments. Throughout the Jurassic, sea-level changes created highstand and lowstand systems 
tracts in areas of what is now central North America. Increased salinities of the lowstand systems 
tracts are evidenced by the large quantities of evaporitic minerals found in north-central 
Wyoming. Evaporites comprise more than 50% of the Gypsum Spring Formation and the basal 
gypsum layer is extensive across the Big Hom Basin of Wyoming. Three distinct units are present 
in the Gypsum Spring Formation. The lower unit consists of interbedded evaporites and 
siltstones, the middle unit comprises interbedded limestones and dolomites, and the upper unit 
consists of nodular and interbedded evaporites and siltstones. The fossils of the Gypsum Spring 
are few but varied. They include, but are not limited to, ammonites, crinoids, and pelecypods. 
However, species of unidentified decopods were found. The lower unit was deposited in a 
breached-barred basin, shallow water environment flooded. The middle unit of the formation was 
deposited in a shallow, warm water environment similar to a subtidal zone where frequent 
agitation of the unconsolidated sediment occurred. The middle unit is fossiliferous containing 
several species of ammonites, pelecypods, and crinoids. Several species of unidentified decopods 
were found. The depositional environment of the upper unit was that of a sabkha type 
environment identified by the presence of evaporites. 
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INTRODUCTION 
Throughout the early to middle Mesozoic, the Wyoming shelf area remained a comparatively 
stable region receiving one of the most complete middle Mesozoic depositional sequences in North 
America. Jurassic strata were widely distributed throughout the Western Interior However, present-
day outcrops are restricted to the flanks of Tertiary basins similar to the Big Hom Basin of north -
central Wyoming. The Jurassic strata are divided into three formations in the Big Hom Basin: the 
Bajocian/Bathonian Gypsum Spring Formation, the Callovian to Kimmeridgian Sundance Formation, 
and the Kimmeridgian to Tithonian Morrison Formation. 
The purpose of this study is to describe the stratigraphy and interpret the depositional 
environments of the Jurassic Gypsum Spring Formation. Stratigraphic relationships and 
sedimentological evidence were used to determine depositional environments. This study includes 
measurement and description of exposures in the field, correlation of published stratigraphic sections 
and electric log data, mineral identification, and depositional model simulations. 
Love and Imlay in various papers from 1937 to 1957 discussed the sedimentology and 
stratigraphy of the Gypsum Spring Formation in considerable detail. Love (1939), Imlay (1956), and 
Peterson (1957) discussed the paleoenvironments of the Gypsum Spring Formation, but only in 
general terms. They agreed that the depositional environment was that of a marine evaporitic basin in 
which restricted marine waters covered most of the Wyoming shelf area. Variation in the thickness of 
the gypsum was due to local arches and basins which were isolated at times, and flooded by tidal 
currents (Peterson, 1957). I intend to show that the thickness and variation in lithology within the 
Gypsum Spring Formation are due to normal cyclic evaporite deposition in a semi-arid evaporative 
draw down basin environment during the onset of the Zuni transgressive event. 
The Gypsum Spring Formation of the Big Hom Basin has been the subject of several 
investigations and several viewpoints. Darton ( 1904, 1906b ), Knight ( 1904a ), Branson ( 1915 ), and 
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Knight ( 193 7) conducted reconnaissance surveys of the formation. In 1916, Lupton and Condit 
conducted and published a gypsum commodities study that included the evaporite deposits of the 
Permian and Jurassic strata in the Big Hom Basin. J.D. Love (1939) formally defined the Gypsum 
Spring Formation near Red Creek in the Wind River Basin, Wyoming at the type section as, 
constituting the sedimentary units that lie between a basal siltstone directly overlying the red beds of 
the Triassic Chugwater Group and the tan coquina at the base of the Sundance Formation. Imlay 
(1954, 1956) conducted studies of the paleontology and paleogeography of the Gypsum Spring 
Formation in the Big Horn Basin. 
Lateral discontinuity, facies changes, and local disconformities have made stratigraphic 
correlation difficult. Several interpretations of the paleoenvironments of the Gypsum Spring 
Formation were made by Imlay(l980), Peterson, (1957), and Pipiringos and O'Sulllivan (1978). 
Bullock (1964) and Max (1965) conducted commodity studies near Cody and Himes, respectively. In 
1984, Meyer interpreted the depositional environments of the Gypsum Spring Formation on the basis 
of exposures studied near Cody, Wyoming. 
Successive field seasons during the summers of 1993 and 1994 were spent measuring, 
describing, sampling, and mapping exposures of the Gypsum Spring Formation within the Big Hom 
Basin. Fifteen critically located exposures were examined in detail (Figure 1). Locations of the 
graphic sections are shown relative to current cultural and physiographic features in the area. The 
basis for the selection of individual sections was 1) the total thickness of stratigraphic interval 
exposed and 2) the presence of a laterally traceable unit common to all sections. 
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Figure 1. Generalized outcrop map of the Jurassic Gypsum Spring 
Formation (after Peterson, 1957). 
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GEOLOGIC IDSTORY AND STRATIGRAPHY 
The Bighorn Basin is a Laramide intraforeland basin of mainly early Cenozoic age. 
Throughout the Cretaceous, the region remained a shelf area and was part of the Western Interior 
Cretaceous Seaway. Tertiary thick-skinned thrust faulting resulted in uplift of the surrounding 
mountain ranges including the Bighorn, Pryor, Beartooth, and Owl Creek Mountains. Since the 
Tertiary, the region has remained relatively stable tectonically. 
During the Jurassic, rapid sea level fluctuations created highstand and lowstand systems tracts 
along the eastern shore of the seaway. Reef growth was not prominent during the Middle Jurassic due 
to an increase in salinities evidenced by the large quantities of evaporite minerals found in the 
Bighorn Basin in stratigraphically equivalent deposits of Middle Jurassic age. The Bajocian-
Bathonian formations are represented by the Gypsum Spring in central Wyoming, the Twin-Creek 
Limestone in western Wyoming and Idaho, and the Piper Formation in Montana and represent a 
depositional complex of lagoonal, coastal and open-marine sediments. Siliciclastic sediments that are 
present in the Middle Jurassic sediments were derived from continental regions to the east. 
Evaporites comprise more than fifty percent of the entire Gypsum Spring Formation. The 
basal massive gypsum unit is present across the Bighorn Basin, and quarries presently in operation 
are along the Bighorn River at Himes and along the southwest edge of Cody. Interbedded siliciclastic 
units pinch out to the west. The calcium sulfate evaporites of the Gypsum Spring Formation are 
bedded massive, nodular, and mosaic nodular according to the Maiklem et al. ( 1969) classification. 
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PETROLOGY 
Evaporites, limestones, dolomites, claystones, and siltstones (in order of decreasing 
abundance based on occurrence) are the dominant lithologies of the Gypsum Spring Formation. The 
Gypsum Spring Formation is characterized by three distinct units which vary lithologically, the lower 
unit is predominantly interbedded evaporites and siltstones, the middle unit is mostly limestones and 
dolomites, and the upper unit is mostly shaley siltstones and gypsum nodules and veins. Diagenesis 
had a major effect on the mineral complexes found throughout the formation and on the overall 
crystal fabric, especially in the evaporites. There is evidence of alteration of anhydrite to gypsum and 
limestone to dolomite. 
Evaporites 
Gypsum and anhydrite are the only evaporite minerals that occur in the Gypsum Spring 
Formation. Anhydrite is present only in the subsurface and in fresh exposures in mines near Himes 
and Cody. There is no evidence that higher order evaporite minerals, such as halite or polyhalite, 
were ever present in the formation. The calcium sulfates were diagenetically altered and probably 
formed in aragonitic muds, which were subsequently dolomitized. Deep burial converted the gypsum 
to anhydrite and re-emergence due to uplift and erosion caused rehydration and transformation back 
to gypsum. Gypsum occurs in basically three varieties within the formation. Massively bedded 
secondary gypsum resulting from the transformation of anhydrite, veins and nodules developed from 
excess release of calcium sulfate during secondary gypsification, and secondary selenite formed as a 
by-product of weathering. 
Holliday (1970) described the crystal fabric of the massively bedded gypsum from thin-
sections as granoblastic; meaning that the internal structure of the crystals is equidimensional and the 
orientation with respect to the c-axis is random. However I do not recommend this terminology, due 
to the fact that granoblastic is descriptive of metamorphic systems and diagenesis is not considered a 
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metamorphic process. The classification offered by Maiklem et al. ( 1969), provides a better textural 
designation by suggesting the use of bedded mosaic or bedded massive for textures and structures 
within the Gypsum Spring. Increasing upward in the section on the east flank of the basin the gypsum 
becomes more distorted nodular to distorted nodular mosaic. According to Holliday ( 1970) the 
crystals within the fabric commonly show embayments where one crystal grows into another. They 
are believed to form from the process of gypsification during recrystallization. 
The vein and nodule forms of gypsum are typically very pure, but are stained red where they 
are adjacent to red mudstones. The gypsum veins are typically fibrous with the long crystal axes 
normal to the vein wall. Nodules are consistently felted or exhibit a swirly crystal fabric. Crystals 
within both the vein and nodular gypsum are coarser than in the bedded mosaic gypsum and tend to 
average 750 microns in size (Holliday, 1970). 
Carbonates 
The calcareous rocks that occur within the Gypsum Spring Formation are dolomite and 
limestone. Dolomites are predominantly associated with the calcium sulfate deposits and the 
limestones are restricted to the middle unit. 
Dolomite 
The dolomites occur as thin laminae at the base and are finely disseminated throughout 
the gypsum beds (Figure 2). The dolomite ranges in color from a 5YR6 to a 5YR8.5 and exhibits 
a micritic texture. Staining relevant to dolomite identified the dolomite. Freidman ( 1959) had 
previously done x-ray diffraction. 
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Figure 2. futerlamination of evaporite and carbonate sediments typical of that observed throughout the 
Gypsum Spring Formation .. 
Figure 3. Limestones of the Gypsum Spring Formation occur mainly in the middle unit. The 
limestones shown are algal-biolithic limestones and are present in the middle part 
of the middle unit. 
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Limestones 
The limestones (Figure 3) of the Gypsum Spring Formation occur exclusively in the 
middle unit and are interbedded with mudstones. The limestones range from pure calcite to 
argillaceous limestones. Micrite, wackestone, packstone, and grainstone (Dunham 1962) have all 
been identified in the Gypsum Spring Formation at various localities within the Bighorn Basin, 
however I recognized that micrite occurred most commonly and that packstone and grainstone 
were less common. The limestone is fossiliferous, exhibiting stromatolitic structure and 
containing abundant macrofossils, including but not limited to pelecypods, brachiopods, 
ammonites (Imlay, 1956), and crustaceans. 
Allochems dominate the limestones but minor amounts of silicic material, micrite, and 
sparry cement (Meyer, 1984) are also present. The allochems are predominantly ooids, coated 
grains, and bioclasts. Silicic material includes clays, minor quartz silt and sand, and small chert 
pebbles. Within some of the limestone beds, clay constitutes as much as 50% of the bed with 
quartz comprising only 2%. The bioclast fragments are both whole and fragmented Tancredia sp. 
and are coated with layers of carbonate and most have micrite envelopes (Bathurst, 197 5). 
Claystones 
The claystones (Figures 4 and 5) of the Gypsum Spring Formation are typically 
variegated red, green, gray and tan. Color variation appears to be related to particular 
lithologies. Commonly, the red claystones (5R3/4 to 5R5/4) are interbedded with the 
evaporite beds and dolomites whereas the gray and tan to buff(5Yr6/1 to 5Y6/1 to 5YR5/2) 
colored claystones are interbedded with limestones. The red claystones contain green mottles, 
probably due to anaerobic conditions during deposition, and are Wl-fossiliferous. Gray 
claystones (N7 to N6) are fossiliferous except where present adjacent to gypsum. The 
mineralogy of the claystones was determined by x-ray diffraction (Meyer, 1984) and consist 
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Figure 4. Photograph of the dark red (5R3/4 to 5R5/4) mudstones of the lower unit of the 
Gypsum Spring Formation. The mudstones are interbedded with massive gypsum and 
anhydrite in the lower part and with nodular gypsum in the upper part of the 
photograph. This photo was taken at a exploration gypsum quany along Ribbon 
Canyon Road on the west flank of Sheep Mountain Anticline. The upper most 
massive gypsum bed ranges in thickness from 1.3 meters up to 1.8 meters, (four feet 
up to six feet). 
Figure 5. Variegated mudstones of the middle unit of the Gypsum Spring Formation along the 
west flank of the Big Hom Mountains. 
12 
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of smectite, illite, chlorite and accessory quartz, calcite, dolomite and feldspar (in decreasing 
order of importance). Furlong (1965, 1968) also studied the mineralogy of the clays within the 
Gypsum Spring Formation along the eastern flank of the Bighorn Basin and noticed an absence of 
kaolinite and enrichment in illite. He also noted that the mineralogy of the clay does not change 
across the red to the green mottling. 
Siltstones 
The siltstones occur at the base of the lower unit of the formation and are lithologically 
similar to the underlying Red Peak Formation of the Chugwater Group (Imlay, 1956). According 
to Meyer (1984), the siltstone is composed of 70% quartz, 15% feldspar, 10% clay minerals, and 
less than 1 % heavy and opaque minerals. The siltstones range from poorly to well cemented, and 
are variegated red, gray, and tan in color. Cements of the siltstones include in order of 
importance, calcite, clay minerals, and quartz. 
Contacts 
Regionally, the contact between the Gypsum Spring Formation and the Triassic 
Chugwater Group is an angular unconformity that is sharp and easily recognized. It is most 
commonly marked by a massive gypsum unit that lies directly on a moderately indurated but 
often deeply weathered orangish red to red sandy siltstone of the Red Peak Formation of the 
Chugwater Group in the northern part of the basin. Near Big Trails on the west side ofNowood 
Creek, the upper 15 cm to 30 cm (six inches to one foot) of the Chugwater Group contains 
fragmented red and gray sandstones which are rounded and appear to be reworked and deposited 
on an erosional surface created prior to the deposition of the Gypsum Spring Formation. Near the 
south end of the Bighorn Basin, the Gypsum Spring Formation abruptly overlies a thin purplish 
red to maroon conglomeratic siltstone and sandstone, which probably represents re-worked 
fragments of the Popo Agie Formation of the Chugwater Group. The angular unconformity is 
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identified by the presence and decreasing thickness of the Alcova Formation of the Chugwater 
Group. Near Lovell and at Sheep Mountain, north of Greybull, the Alcova is not present. Near 
Shell, the thickness of the Alcova Member ranges up to ten feet and near Hyattville is in excess of 
fifty feet. and according to Imlay (1956) it is nearly 30.5 meters (100 feet) thick near Tensleep. 
The contact with the Lower Sundance is also an angular unconformity. This is indicated 
by a gradual truncation of the upper unit of the Gypsum Spring Formation from the northwest to 
the southeast. I believe that the presence of nodular and blocky chert found in the upper units of 
the Gypsum Spring Formation represents evidence of a disconformity with the overlying units. 
Imlay ( 1956) noted the presence of chert at the same stratigraphic level in the Piper Formation of 
south central Montana and concluded that there was a disconformity at that position confirming 
the correlatable stratigraphic position in the Bighorn Basin. 
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STRATIGRAPHY 
The Jurassic Gypsum Spring Formation consists of three distinctive units. The lower unit 
varies in thickness up to 20 meters (70 feet) and consists of interbedded gypsum and siltstones, 
the middle unit consists of interbedded gray claystones, fossiliferous limestones and dolomites, 
and local thin gypsum beds and ranges up to 45 meters (150 feet) in thickness, and the upper unit 
composed of red claystones and interbedded gypsum and gypsum nodules. 
Lower Unit 
Definition 
The lower unit regionally contains a thin basal siltstone at the contact with the underlying 
Chugwater Group. The next 15 to 20 meters (50 to 70 feet) consists of interbedded mosaic 
nodular to mosaic bedded gypsum interbedded with dark red (5YR 3/4) claystones and very thin 
dolomite laminae. The upper part of the lower unit is comprised of variegated dark red (5YR 3/4) 
to purple (SP 4/2) silty claystones and nodular gypsum (Figure 6 and 7). Along the eastern flank 
of the Bighorn Basin the basal interbedded gypsum and claystones are commonly replaced by a 
collapse breccia or rauhwacke (Leine, 1968). 
Areal extent and thickness 
The lower unit occurs throughout the Bighorn Basin as well as outside the basin. The 
lithologic characteristics of the unit vary little but thickness varies markedly from less than 8 
meters to over 37 meters (25 feet to over 120 feet). The thickness may vary by as much as 15 
meters over relatively short distances of one or two miles due to the local relief of the 
paleotopography 
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Figure 6. Variegated dark red (5YR3/4) to dark purple red (5P4/2) mudstones and nodular 
mosaic gypsum in the upper part of the Lower Unit of the Gypsum Spring Formation. 
The first massive gypsum bed in the bottom center of photograph is approximately 1.2 
m (4 feet) thick. 
Figure 7. Dark red (5YR3/4) mudstones and nodular mosaic gypsum in the upper part of the 
Lower unit. Notice the lattice framework developed by secondary evaporite 
deposition between the nodules. Face of outcrop is approximately 3 m (10 feet). 
17 
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Lithologic and Stratigraphic Characteristics 
The lower unit of the Gypsum Spring Formation consists of interbedded silty claystones 
and gypsum followed by a horizon of claystone and nodular gypsum. The very basal unit is 
dominated by sitlstones similar in composition to the underlying Red Peak Formation. Along the 
south and north nose of Sheep Mountain Anticline, north of Greybull, the basal unit is dark red 
(SR 3/4) to brown (SYR 4/4) and is stained gray (N6) in places, probably as the result of leaching 
(Figures 8 and 9). The contact between the overlying gypsum bed and the underlying siltstone is 
very irregular and is taken to be the contact between the Red Peak and the Gypsum Spring 
Formations. 
The nature of the gypsum and the associations follow the classification of Maiklem et al. 
( 1969). The term "matrix" refers to all non-gypsum in beds that contain gypsum. The matrix 
occurs partially or completely surrounding nodules, between gypsum layers, or disseminated 
within massive and bedded gypsum (Figure 10). 
The gypsum-bearing strata of the lower unit typically rest on cryptalgal dolomite or 
siltstone. The dolomite (present along the west flank of the basin) is gray (N6) to light gray (N7) 
and is as much as 40 cm (16 in) thick. It is laterally extensive and commonly has thin secondary 
veins of selenite following bedding planes. The siltstones, on the east side of the basin, are dark 
red (SR 3/4) to mottled dark red (SR 3/4) and gray (N6), and cemented by calcite. They exhibit 
firm induration and blocky parting. The siltstones are very thinly laminated. Primary sedimentary 
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Figure 8. View looking North toward Sheep Mountain Anticline. The basal gypsum bed of the 
Gypsum Spring Formation caps the butte in the center of the photograph. The reddish 
orange unit directly below the gypsum bed is the Triassic Red Peak Formation. 
Figure 9. Contact between the Triassic Red Peak Formation and the Jurassic Gypsum Spring 
Formation. The gray bed (6 to 8 inches thick) below the gypsum is a leached zone in 
the upper most part of the Red Peak Formation. Leaching probably occurred during 
deposition of the Gypsum Spring Formation. 
20 
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Figure 10. Enterolithic banding of alternating gypsum and dolomite. The distance from the edge 
of the sample (center of photograph) and the black band across the sample (bottom the 
picture) is approximately 3 jnches. 
Figure 11. Photograph showing the rauhwacke or collapse breccia in situ. The rauhwacke is 
present mainly along the west flank of the Big Hofl} Mountains in the area near Shell, 
Wyoming. 
22 
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Figure 12. Sample ofrauhwacke. Dark red (5YR3/4) mudstone with vugs present where 
dissolved siltstone clasts were forming the lace framework. The matrix is 
carbonaceous. 
Figure 13. Sample of rauhwacke showing the lace framework produced by the collapse breccia. 
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structures are not readily visible in outcrop. Both dolomite and siltstone beds pinch and swell and 
typically exhibit wavy beds that thicken and thin irregularly suggesting algal binding of sediment. 
Some of the carbonate laminae pinch out over minor crests while others are continuous over 
several meters. 
The gypsum-bearing strata range in thickness up to 30 m (98 ft) with an average across 
the basin of 20 m (65 ft). They thicken and thin in response to the erosional paleotopography 
formed prior to the deposition of the Gypsum Spring Formation. In areas along both the east and 
west flanks of the Bighorn Basin and the east flank of the Bighorn Mountains the lower gypsum-
bearing strata have been replaced by a collapse breccia or rauhwacke formed in response to 
dissolution of the gypsum. 
Rauhwackes occupy the same stratigraphic position as the gypsum-bearing strata and 
consist of angular clasts of claystone and a minor amount of dolomite, well cemented by calcite. 
In outcrop, the rauhwacke contains numerous angular vugs due to the removal of clasts, leaving 
behind a lace-like framework of calcite (Figures 11, 12 and 13). The matrix of the rauhwacke is 
composed of the less-
competent siltstones, which were easily and completely pulverized. Carbonate cementation was 
derived from dolomite dissolution and precipitated from groundwater. 
The gypsum-bearing strata of the formation consist of several sequences ofred (SYR 3/4) 
claystone, carbonate, and nodular, mosaic gypsum. Each sequence is initiated by a red claystone 
ranging from 2.5 to 21 cm ( I to 8 in) in thickness. The beds are relatively uniform in thickness 
across an outcrop and are laterally extensive. The claystones are typically dark red (SR 3/4) to 
maroon (SR 2/6), exhibit blocky parting, and are poorly indurated. Superjacent dolomite-rich 
gypsum beds vary from several centimeters to 45 meters (several inches to 145 feet) in thickness 
and are gray (N6) to white (N9). The cliff-forming gypsum unit is identifiable by the presence of · 
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a gray (N7) to red-gray (5R6/2) or blackish (5R 2/2) deeply weathered surface. A detailed study 
of the gypsum beds was possible at the Himes gypsum quarry, southeast of Lovell. 
Paleontology and Age Relationships 
The lower unit is unfossiliferous in northern Wyoming and southern Montana. 
Correlation of this unit is based on lithologic similarity and stratigraphic position. Imlay ( 1967) 
reported that the Gypsum Spring Member of the Twin Creek Limestone contained crinoid 
columnals and Camptonectes sp. The age of the lower unit is considered to be middle Bajocian 
because the immediately overlying unit has been dated as Late Bajocian (Imlay, 1956). The 
oldest beds represented by the lower unit are of Bajocian age but cannot be more precisely dated. 
Middle Unit 
Definition 
The middle unit is the most variable unit of the Gypsum Spring Formation, consisting of 
interbedded gray (N7) claystones, fossiliferous limestone and dolomite, and local thin gypsum 
beds. The unit weathers to a slope covered with plates and flags of carbonate debris and only the 
thicker, more resistant beds are exposed forming more prominent shelves or benches. Some of 
the better exposures occur along the west flank of Sheep Mountain (north of Greybull), where the 
unit upholds small flatirons. Other distinctive outcrops occur locally along the flatirons of the 
west flank of the Bighorn Mountains north of Shell, and along the flanks of folds near Cody, 
Wyoming. The contact with the upper unit is placed at the transition from a gray (N7) or buff 
(5YR 7/3) colored claystone to a dark red (5R 3/4) or maroon (5R 2/6) claystone. 
Areal Extent and Thickness 
The middle unit is recognizable throughout the entire basin and typically forms small 
hogbacks where exposed. The lithology and thickness of the unit remain quite uniform 
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throughout the study area. The thin carbonate beds cannot be corrrelated between the measured 
sections, however the thicker beds can be traced for as much as 10 to 13 kilometers ( 6 to 8 miles). 
The middle unit ranges in thickness from 20 to 45 meters (65 to 150 ft.). 
Lithologic and Stratigraphic Characteristics 
The carbonate layers in the lower part of the unit are thicker and exhibit minor cross-
stratification and composite beds. However, in most cases, the carbonates are micrites that show 
few to no primary structures. The limestones in the upper part of the unit are thinner and most 
likely represent single-event beds. The limestones throughout the unit are intercalated with thin 
beds of gray (N7) to buff(5YR 7/2) claystones (Figure 14). 
The claystones are finely laminated and poorly indurated. They range in thickness from a 
few centimeters to several meters (inches to several feet). Sedimentary structures are not visible. 
The limestone laminae are highly fossiliferous and contain abundant microfauna (Imlay, 1956). 
Pelecypod fossil fragments show both concave and convex upward orientations within the 
limestones. Carbonate beds range in thickness from a few millimeters to more than 3 meters 
(fractions of an inch to 12 ft.). Carbonates are gray (N6) where fresh but tan (l0YR 8/2) when 
weathered. The carbonates are considered to be algal-biolithites. Figure 15 shows thin limestones 
are planar laminated, rarely ripple-marked, and of limited lateral extent. They exhibit geopetal 
fabrics and fragmented and bored skeletal material. 
The thicker limestones are characterized by planar and minor trough cross-stratification, 
scouring, small-scale channels, and composite beds (Meyer, 1984 ). The planar laminae are 
wedge-shaped in cosets as thick as 1.5 meters (5 feet). 
Minor gypsum lenses that occur in the middle unit are of limited lateral extent and range 
in thickness from 30 cm to 2.5 meters (1 to 7 ft.). Claystones adjacent to the gypsum lenses are 
unfossiliferous. 
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Figure 14. Thinly to thickly laminated buff (5YR5/2) to gray (N7) colored argillaceous 
limestones with algal and stromatilitic structures. 
Figure 15. Thinly laminated algal-biolithite of the middle unit of the Gypsum Spring Formation. 
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Paleontology and Age Relationships 
The middle unit is the only fossiliferous unit in the formation. Imlay (1956) presented a 
detailed description of the fauna found in the middle unit. The most common fossils are several 
species of pelecypods, however, ammonites, crinoids, brittle stars, a few gastropods, and locally 
abundant corals have been found (Imlay, 1956). The middle unit of the Gypsum Spring 
Formation is considered to be Middle Jurassic in age on the basis of the presence of the Bajocian 
ammonite Chondroceras (Defonticeras sp.) found in the upper part of the middle unit. The 
faunal age is also based on the occurrence of Teloceras sp. and Chondroceras sp. which are found 
in the same stratigraphic position in the Piper Formation in Montana (Imlay, 1967). One of the 
more significant lithologic markers is a pinkish gray (5YR 7/2) limestone bed near the middle of 
the middle unit that contains abundant bivalves (Figure 16) belonging to the Tancredia sp. and 
Isocyprina sp. These are associated with green-stained bedding planes. This is a key bed that 
occurs in many exposures along the flanks of the Bighorn Mountains, Sheep Mountain Anticline, 
the Pryor Mountains and the west flank of the Bighorn Basin. Table 1 summarizes the fossils 
recorded by Imlay (1956). Fossils that were found by the author but have not been identified as 
yet include several species of decopods, including shrimp and lobster (Figures 17, I 8 and 19). 
Studies are currently underway to identify the specimens. They were found in the middle 
limestone and were associated with glauconitic green-stained beds containing pelecypods. 
Table 1 Fauna found within the middle unit of the Gypsum Spring Formation (after Imlay (1956). 
Ostrea strigilecula 
Camptonectes platessiformis 
Pinna kingi 
Pholadomya kingi 
Cucul/ea sp. 
Plicatula sp. 
Chondroceras 
Mytilus sp. 
Quenstedtia sp. 
Nerinea sp. 
Gervilla sp. 
Homomya gal/atinensis 
Trigonia americana 
Plagistoma occidentale 
Modiolus subimbricatus 
Isocyprina cinnabarensis 
lsognomon whitei 
Astrocoenia hyatti 

Figure 16. Algal-biolithite with glauconite stained shell fragments and molds of Isocyprina sp. 
and Tancredia sp. pelecypods. 
Figure 17. Dorsal view of unidentified shrimp-like decopod found in the algal-biolithite of the 
middle unit of the Gypsum Spring Formation. Scale is in centimeters. 
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Figure 18. Positive and negative lateral views of an unidentified shrimp-like decopod found in 
the middle unit of the Gypsum Spring Formation. 
Figure 19. Lateral view of an unidentified crab-like decopod found in the middle unit of the 
Gypsum Spring Formation. 
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Upper Unit 
Definition 
35 
The upper unit consists of a moderately thick red claystone and interbedded thin 
gypsum beds and small gypsum nodules. The lower contact of the upper unit is marked by a 
gradational change from the upper limestone of the middle unit into a tan to buff silty 
claystone. The upper unit grades upward into dark red (5R 3/4) to orange (IOR 6/6) 
claystones. The upper contact of the upper unit is placed at the bottom of a widespread 
coquinoidal biosparite marking the base of the overlying Sundance Formation. 
Aerial Extent and Thickness 
The upper unit ranges in thickness from 15 to 25 meters ( 50 to 82 ft.) and is present 
throughout the Bighorn Basin. The unit is typically deeply weathered forming a loose scree-
covered erosional escarpment. Gypsum beds and nodules within the unit also weather easily 
and are often very difficult to recognize. 
Lithologic and Stratigraphic Characteristics 
The claystones of the upper unit are uniform in composition and color throughout the 
Bighorn Basin (Figure 20). Locally the claystones contain thin stringers and mottles of drab 
green indicating reduction of iron from the ferric to the ferrous state (Furlong, 1968). The 
claystones are poorly indurated and typically exhibit a blocky fracture. 
The gypsum beds and nodules are massive and do not exhibit diagnostic sedimentary 
structures. The thickness of the gypsum beds ranges from 30 cm to 2 m. (1 to 7 ft.) across an 
outcrop. 
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Figure 20. Variegated red, orange, and buff colored mudstones of the upper unit of the Gypsum· 
Spring Formation. 
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Paleontology and Age Relationships 
The upper unit is unfossiliferous throughout the Bighorn Basin. The underlying 
middle unit is thought by Imlay (1956) to be middle to upper Bajocian and the overlying 
Sundance Formation is early Callovian; therefore, the upper unit must be Bathonian in 
age. 
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DEPOSITIONAL ENVIRONMENTS 
Paleogeography and Paleoclimate 
Modem as well as ancient evaporitic environments occur within 30° north and 30° south 
latitude (Miall, 1990). The Bighorn Basin during the deposition of the Gypsum Spring Formation 
was at latitude 20° to 25° north of the equator (Peterson, 1957). Increased solar radiation at the 
equator heats the air, which rises. As the warmed air rises it cools and the cooling air mass 
releases precipitation over equatorial jungles. Hadley Cells cause the very dry air mass to move 
toward the Polar Regions and descend again at the 30° north and south latitudes. This very dry 
air absorbs any moisture and creates the arid environments located at the horse latitudes (Frakes, 
1979). 
The paleoclimate of the Wyoming Shelf area during the Bajocian was very similar to that 
of the present day Persian Gulf. According to Kocurek and Dott (1983), stable air masses 
produced very little 
rainfall in the region, even though trade winds are presumed to have passed over the interior 
seaway. Southerly wind shifts created cyclic storms and high winds caused silt and sand storms 
possibly lasting for days (Kocurek and Dott 1983 ). The red desert soils of the Persian Gulf are 
modem analogs to the red paleosols and silty red beds found in the Gypsum Spring Formation. 
Deposition of the Gypsum Spring Formation 
Several paleo-tectonic features influenced the deposition of the Gypsum Spring 
Formation and equivalent strata (Figure 21). Belt Island and the Sheridan Arch were the major 
influential tectonic features during the middle Jurassic in the Western Interior (Peterson, 1957). 
Belt Island had a controlling effect on the amount of marine water flowing to the south. The 
Sheridan Arch controlled deposition from the south and east. The rate of the Zuni Transgressive 
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event also had an effect on the deposition of the Gypsum Spring Formation. Within the Bighorn 
Basin the onset of the transgression was marked by the deposition of restricted marine evaporites 
followed by open marine claystones and limestones returning to restricted marine evaporites and 
mudstones. The Gypsum Spring Formation records this onset of the Zuni Transgression. 
Lower Unit 
The evaporites in the lower unit are deep water deposits. The laminites consist of 
current-deposited micritic carbonate and elastic silt and sand sized gypsum crystals or cleavage 
fragments of gypsum detritus. The evaporite crystals originally grew as bottom crusts and were 
re-worked or gravity settled after precipitation at the brine-surface interface. 
During the onset of the Zuni Transgressive event, Belt Island was a major factor controlling the 
circulation and salinity of the marine water influx to the south. In central and northern Montana, 
the A-member of the Piper Formation consists of siliciclastics and limestones juxtaposed against 
Belt Island (Imlay et al., 1948, Peterson, 1957). The equivalent lower unit of the Gypsum Spring 
Formation in southern Montana and northern Wyoming consists of dolomite, red siliciclastic 
mudstones, and reworked siltstones from the Red Peak Formation. High salinities are recorded 
by the presence of a thin cryptalgal dolomite and red siltstones at the base of the Gypsum Spring 
Formation and also suggested by the lack of fossils in the lower unit. Localized topographic 
highs and lows in the underlying Red Peak Formation surface resulted in discontinuity and 
thinning and thickening of the gypsum beds. Measured sections reflect these variations in 
thickness of the lower unit. The variability in topographic relief had little or no effect after the 
deposition of the lower unit and was not reflected in the middle unit. 
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Figure 21 Paleotectonic map of middle Jurassic elements of the Western Interior of the United 
States ( after Peterson, 1957, 1958). 
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The lower unit in the Bighorn Basin was deposited in shallow water. Clay-rich sediment was 
deposited first, followed by the precipitation of carbonate muds and gypsum as the waters became 
more saline. Adjacent to Belt Island and the Sheridan Arch, intermittent sub-aerial exposure 
occurred when evaporation exceeded the influx of marine waters. 
The gypsum beds in the lower unit were deposited in a subaqueous to supratidal 
environment (Peterson, 1957 and Imlay, 1967). Maiklem et al. (1969), Dean et al. (1975), and 
Kendall (1979) have indicated that the nodular-mosaic fabric can be diagenetically produced in 
these environments. The gypsum beds can be traced both on the surface as well as in the 
subsurface for a distance of 300 km ( 180 mi.) normal to what appears to be the ancestral 
shoreline. One anomaly is that present-day arid coastlines with gypsum-bearing strata have a 
maximum width of approximately 30 km (18 mi.) (Patterson and Kinsman, 1981). If the 
assumption is made that a continental sabkha is also included the width approaches 100 km ( 60 
mi.) (Kinsman, 1969) then production and preservation of a sabkha complex extending 300 km 
(180 mi.) is nearly impossible according to Patterson and Kinsman, (1981). Analogous modern 
sabkhas are different in the fact that there is usually a thin stromatolitic carbonate unit directly 
underlying the gypsum beds (Patterson, 1982). The author believes that the lower unit of the 
gypsum spring was deposited in a shallow basin where the local topographic highs of Belt Island 
and the Sheridan arch created barriers cutting off influx of fresh marine waters. A variety of other 
influences exist and include but are not limited to eustatic lowering of sea levelor growth of a reef 
complex. Metoric conditions produce an evaporitic environment and dessication of the basin 
begins. 
The possibility of minor and rapid fluctuations between intertidal and supratidal zones is 
evidenced by inter-laminae of dolomite and gypsum. In the progradation of a shoreline as wide 
as 300 km (180 mi.), well developed subtidal and intertidal carbonates should underlie the 
gypsum beds; however in the Gypsum Spring Formation the beds of gypsum are underlain by 
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approximately six inches of red claystone and less than two inches of dolomite. Primary 
sedimentary structures indicative of subaerial exposure such as mudcracks and rip-up clasts are 
not present, nor have other investigators noted them (Bullock, 1965, Max, 1965, Nelson, 1963, 
Meyer, 1984 ). Most of the gypsum beds exhibit an upper surface that is planar to slightly 
undulatory and a sharp contact with the overlying red claystones. This suggests 
penecontemporaneous solution of the gypsum and deposition of the red claystones resulting from 
an influx of water undersaturated with respect to calcium sulfate (Walker and Plint, 1992 ). 
The gypsum beds of the modem sabkhas are approximately three feet thick (Patterson, 
1982), and gypsum units in the lower member of the Gypsum Spring Formation are as thick as 
4.5m (15 feet). Gypsum deposition in a sabkha is dependent on the position of the water table 
relative to the ground-air interface (Maiklem, 1982). Deposition of 4.5 m (15 ft) of gypsum 
would require a steady rise in the water table and a continuous supply of water saturated with 
respect to calcium sulfate. The Ordovician Baumann Fjord Formation of Ellesmere Island, 
Canada is reported to have anhydrite beds as thick as 18m ( 60 ft.) that are interpreted by Mos sop 
(1979) to have formed in a sabkha environment (Mossop, 1979). According to Mossop's 
interpretation, nodular gypsum beds are not diagnostic of sabkha environments. However, 
Maiklem (1969) suggests that nodular gypsum forms only in a sabkha type environment. The 
relative thickness of the gypsum beds in the lower unit also promotes the definition of a shallow 
water - deep basin model of deposition which can produce sabkhas like deposits. 
The influence that Belt Island had on the deposition of the lower member of the Gypsum 
Spring can be modeled as a barred basin where a barrier either completely or partially separated 
open marine waters from a basin. Maiklem ( 1971) proposed an evaporative-drawdown 
mechanism, which is the more likely mechanism controlling sea-level, salinity and ultimately 
sedimentation within the intercontinental seaway during the Middle Jurassic. In the shallow-
barred basin model ofEinsele (1992) this is consistent; a small opening or a shallow area near a 
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reef complex and associated eustatic lowering of the sea level will produce an evaporitic 
environment that can generate thick sequences of gypsum. Influx of fresh marine waters occurs 
at high sea level stands but as the water recedes the brines of the interior of the basin cannot exit 
the basin maintaining a constant influx of water and saturation with respect to calcium sulfate. 
The evaporative-drawdown mechanism works on the assumption that the rate of 
evaporation exceeds the rate of influx from marine water, rainfall, and/or runoff and that the sea 
level in the basin is lower than sea level in the open marine setting. The difference in relative sea 
levels promotes a pressure gradient causing flow from the open marine setting to the basin, 
provided that the barrier is permeable. Maiklem ( 1971) concluded that this mechanism is 
responsible for the deposition of evaporites in the Elk Point Basin in Canada, and that the barrier 
did not completely separate the basin from open marine waters. He suggested that the barrier was 
breached in several locations causing an influx of less saline marine waters into the basin. 
The shallow water-deep basin model provides the simplest interpretation of the sediments 
of the lower unit of the Gypsum Spring Formation. Complete separation of the open marine 
waters from the restricted seas to the south by Belt Island is unlikely. The strata in the lower 
units of the Piper Formation, which are proximal to Belt Island, consist of interbedded limestones 
and elastics whereas the lower units of the Gypsum Spring consist of interbedded alabastrine 
gypsum and dark red siliciclastics with the siliciclastics thinning toward the Belt Island uplift 
area. The gypsum deposits thicken to the east and south from the region proximal to Belt Island 
(Peterson, 1957). This documents increasing salinities from the Belt Island region toward the 
south and east into north central Wyoming. Complete separation of the basin with the open 
marine conditions to the north and west is not possible due to the fact that there are no evaporites 
present to the north and west in Montana. Also salinities would have been greater in the Bighorn 
Basin area producing higher order evaporites and more extensive sub-aerial exposure features. 
Unique to the Bighorn Basin and the Gypsum Spring Formation is the lack of halite (NaCl), 
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which could be due to the fact that salinities never reached the point of halite saturation, or that 
complete dissolution of halite took place at a later time. 
The lateral spatial variations in the beds within the lower unit are due to local 
unconformities on the top of the underlying sediments. Variations in the influx of marine and 
meteoric waters influence evaporation and subsidence rates relative to Belt Island. Thin 
discontinuous laminae of dolomite within the lower unit of the Gypsum Spring Formation 
probably formed in environments similar to that of modem sabkhas. Capillarity within the upper 
few inches of the sediment will produce brines saline enough to precipitate dolomite and might be 
considered a diagenetic process rather than primary deposition (Patterson and Kinsman, 1981 ). 
Aragonite rather than dolomite is precipitated in modem sabkhas (Patterson and Kinsman, 1981 ). 
In the rock record of the Gypsum Spring Formation dolomitization of the primary aragonite is 
possible, with complete obliteration of the primary aragonite. The conditions necessary to 
dolomitize aragonite (Patterson and Kinsman, 1982) require that 1.) mMg2+ /mCa2+ ratios be 
greater than 6, 2) there are significant flow rates of the brine through the sediment, and 3) the 
water is saturated with respect to gypsum (i.e. chloride concentrations between 3 .25 and 3. 7 5 
mCL-/Kg), 4) reducing conditions with a pH between 6.3 and 6.9, and 5) a great amount of time 
is available. The percentage of aragonite is inversely related to the percentage of dolomite, which 
indicates that dolomite is forming at the expense of aragonite. Discoidal gypsum present within 
the dolomite also indicates that excess Ca2+ is combining with SO/ (Meyer, 1984). This report 
deals only with the depositional environments of the Gypsum Spring Formation and not with 
descriptions of the chemistry involved in dolomitization. Patterson and Kinsman (1982) provide 
an excellent simple dolomitization model. One question that still remains is the fact that in 
modem sabkhas there is prolific algal growth. 
The controlling or dependent factor for brines capable of dolomitization is evaporation 
concentrating the water with respect to gypsum (Patterson, 1982). Precipitation of gypsum would 
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increase the mMg2+ /mCa2+ concentration ratio. With regard to the lower unit of the Gypsum 
Spring Formation some basic assumptions need to be made about the environments. First, the 
gypsum was deposited under subaqueous conditions and predominantly within existing sediment 
and also at the brine/sediment interface. According to Adams and Rhodes' (1960) seepage-
refluxion model intrasediment gypsum growth requires a large porosity and permeability in the 
host sediment. Increased evaporation concentrates the brines, creating a greater density, the brine 
sinks through the sediment and dolomitization occurs when the brine comes in contact with the 
aragonite. 
Another anomaly within the Gypsum Spring Formation is the solution collapse breccia or 
rauhwacke at the base of the formation. The type of rauhwacke found at the base of the formation 
would be considered a dimict rauhwacke as defined by Leine (1968). The definition is a 
"brecciated structure originated through fragmentation and mixing of only two types of rock." 
This varies from polymict rauhwacke by the fact that 'poly' suggests mixing of more than two 
rock types. Leine ( 1968) suggests that rauhwackes, especially polymict rauhwackes) are 
associated with thrust zones. He suggests that "differential movements due to overthrusting 
caused disruption of the bedding and fragmentation of the rocks". 
This explanation is in accordance with the tectonic setting proximal to the Bighorn Basin. 
The Bighorn Basin is flanked by thick-skinned basement-cored thrust faulting ofLaramide age. 
Leine ( 1968) suggests that the presence of gypsum in a decollement system may act as a 
lubricating paste, and that the carbonate rocks move in a plastic manner. In the Gypsum Spring 
Formation the alternating layers of extremely incompetent gypsum and the more competent layers 
of dolomite, limestones and pelitic rocks form a basis for the movement and formation of the 
rauhwacke. According to Leine the difference in competency and mobility of the layers was so 
great that the more competent layers fragmented and the less competent material acted as a 
lubricating paste. Further removal of the gypsum and carbonate clasts by weathering on the 
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exposed surface result in the development of the lace framework. The rauhwacke in the Big Horn 
basin is found only in an area surrounding the exterior of the basin where uplift has occurred and 
the gypsum has been exposed (Fig. 1) The rauhwacke has not been identified in core samples in 
the interior of the basin. The rauhwacke appears to be restricted to areas where increased runoff 
of metoric and stream waters from the uplift of the surrounding mountains. In areas there are 
places where the rauhwacke is juxtaposed to near complete gypsum beds suggesting differential 
production of the collapse breccia. 
Middle Unit 
The middle unit of the Gypsum Spring Formation was deposited in a warm, shallow 
marine environment with near normal salinities (Imlay, 1956, 1957). Skeletal fragments and 
ooids were concentrated during normal wave action as well as occasional storms. Thin stringers 
of gypsum and stromatolitic carbonates indicate local periods of increased salinity (Imlay, 1957). 
Belt Island became a less prominent feature after deposition of the lower unit enhancing 
circulation and general deepening of the marine waters in northern Wyoming (Peterson, 1958). 
Deposition proximal to the Sheridan arch and paleo-shoreline in Wyoming was characterized by 
minor amounts of gypsum, fossiliferous dolostones and limestones, and claystones (Figure 22). 
Allochemical carbonates, including ooids, were concentrated to form the thin limestone 
beds of the middle unit. Wave reworking indicators include minor cross laminations, minor 
channeling, bored skeletal fragments, and laterally discontinuous bedding. In the lower half of 
the middle unit, the thicker limestone contain ooids which indicates deposition occurred in 
shallow, warm, frequently agitated water. Ooids are also indicative of waters saturated with 
respect to calcium carbonate. 
Transitions from the thick limestones in the lower part of the middle unit to thinly bedded 
limestrones in the upper half of the middle unit indicates a relative deepening of maring waters 
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and is analogous to a gradation from proximal to distal storm deposit transitions (Patterson and 
Kinsman, 1981 ). Aigner ( 1982) and Walker and Plint ( 1992) discuss the fact that proximal storm 
deposits are generally near wave base, are bioclastic dominated, cross-laminated, thicker, and 
composed of composite beds which can be traced for as far as a few miles. Distal storm deposits 
are typified by below normal wave base deposits that are mud dominated, thinner and commonly 
one event beds. Distally derived deposits are planar laminated and limited in lateral extent 
(Aigner, 1982). Claystones within the middle unit indicate that the source area was relatively 
near and of fairly low relief (Meyer, 1984 ). Regional deepening of water is recorded not 
only in north-central Wyoming but also reflected in strata adjacent to the thrust belt in southern 
Montana (Peterson, 1957). A shaley limestone with characteristic green stained bedding surfaces 
with Isocyprina sp.; can be traced for approximately 120 km (75 miles) (Imlay, 1956) Imlay, 
(1956) correlated these beds, along the southern Pryor Mountains 
north westward into an oolitic, coquinoidal, pebbly limestone near the middle of the B member of 
the Piper Formation. The middle of the B member of the Piper Formation is roughly equivalent 
stratigraphically to the middle limestone unit of the Gypsum Spring Formation. Continuity and 
traceability of this green-stained unit possibly indicates a long period of stability over a very large 
area. The upper half of the Sliderock Member and the entire Rich Member of the Twin Creek 
Limestone correlate with the middle unit in the study area. Imlay (1967) interpreted the upper 
Sliderock Member as indicating a deepening of the marine waters and that the Rich Member 
records a dramatic deepening at the end of deposition of the lower unit of the Gypsum Spring 
Formation. Strata of the southern and eastern regions of the Bighorn Basin were deposited in 
more restricted waters than those strata of the northern and western regions as evidenced by 
relative dominance of carbonates and a lack of evaporites. Uplift of the Sheridan Arch during the 
deposition of the upper most strata of the middle unit is evidenced by the presence of erosion-
derived silicification and a conglomerate consisting of chert and limestone clasts near Hyattville. 
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Figure 22. Generalized paleofacies map of the middle unit of the 
Gypsum Spring Formation. (After Peterson, 1957) 
The southeastern part of the region was under going erosion while the Sundance was being 
deposited in the northern part. Deposition of the lower strata was penecontemporaneous with 
local erosion associated with the Sheridan Arch uplift (Peterson, 1957). 
Upper Unit 
The contact between the middle and upper units over most of the Bighorn Basin is 
conformable and gradational. Again, as during the deposition of the lower unit, the region 
became restricted from the open marine waters. This is demonstrated by the presence of thin 
discontinuous lenses of gypsum and anhydrite as well as algal-biolithites near the base of the 
upper unit. The explanation for this is that Belt Island began playing a more prominent role in the 
circulation of marine waters from the north (Figure 23 ). The minor amounts of gypsum and the 
lack of fauna indicates that the waters during the deposition of the upper unit were in fact saline 
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to the point of restricting faunal inhabitance but not the to point of major evaporite deposition. 
The dominance of claystones is a factor of the low relief and local erosion proximal to the 
Sheridan Arch. The silicic claystones provided a source for chert nodules found in the uppermost 
claystones and lowermost part of the Lower Sundance Formation (Figure 24) (Greene, 1970; 
Imlay, 1956). 
The contact between the upper unit and the Sundance Formation is locally conformable, 
but regionally exhibits a very gentle angular unconformity across the Bighorn Basin in a direction 
from south to north (Peterson, 1957; Imlay, 1956, 1967). 
JCIO 
__l__ 
\ 
ShoJe 
...._ 
:::hnle \ 
3W, r 
i 
Hiles 
7 
L 
_L _____ _ 
I 
_l 
7 
Figure 23. Generalized paleofacies map of the upper unit of the Gypsum 
Spring Formation and equivalents (after Peterson, 1957). 
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Figure 24. Chert nodules found in the upper unit of the Gypsum Spring Formation. These 
· nodules mark the contact with the overlying Jurassic Sundance Formation. 
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SUMMARY 
The Jurassic Gypsum Spring Formation represents a diverse range of lithologies and depositional 
environments. The lithologies include evaporites, mudstones, and carbonates. The formation 
consists of three units; a lower interbedded gypsum and mudstone unit, a middle unit of 
interbedded carbonates and mudstones and an upper unit of interbedded and nodular gypsum and 
mudstone. The lower unit is representative of an shallow water-deep barred basin. The middle 
unit was deposited in a shallow water, marginal marine environment and the upper unit identifies 
a return to an evaporative drawdown basin. 
Evaporites comprise more than 50% of the Gypsum Spring Formation. Gypsum and 
anhydrite are the only evaporite minerals present in the formation. There is no evidence of higher 
order evaporites forming. Gypsum found in the lower unit is massive and in the upper unit the 
gypsum is thickly bedded and nodular. Carbonates that were deposited are limestone and 
dolomite. The dolomite is found interlaminated with anhydrite and gypsum in the lower unit. 
Limestone is found in the middle unit and is micritic to thinly bedded. Minor amounts of 
glauconite are found as a coating on fossil molds and casts. There are also minor amounts of 
allochems found in the limestones consisting of ooids, coated grains and bioclasts. The 
mudstones present are dominantly siltstones which are variegated with respect to proximal 
lithologies. The dark red siltstones are associated with the evaporite minerals and the tan to buff 
colored siltstones are associated with carbonates. The siltstones are carbonate cemented. Minerals 
found in the claystones include smectite, illite, chlorite and accessory quartz, calcite, dolomite, 
and feldspar in decreasing order of importance. 
The lower unit of the formation can be dissected into two parts. The basal part consists 
of massively bedded gypsum and anhydrite interbedded with siltstones and varies in thickness up 
to 20 meters. The upper part of the lower unit ranges in thickness up to 10 meters and consists of 
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nodular gypsum and variegated siltstones. Along the western flank of Big Hom Mountains the 
basal part of the lower unit has been replaced, in places, by a collapse breccia. 
The middle unit is dominantly packstone, wackestone and micritic limestone interbedded 
with siltstones. The middle unit contains a variety of fossils including several species of decopods 
that have not as yet been identified. Other fossils include several species of pelecypods, 
ammonites, crinoids and gastropods. 
The upper unit is interbedded and nodular gypsum and variegated siltstone with no 
evidence of fossils. The depositional environment of the Gypspring Formation was similar to that 
of the modem day sabkhas of the Persian Gulf. The Bighorn basin was at approximately 20° to 
25° north of the equator. Warmed air masses originated near the equator and moved over the area 
absorbing any moisture in the area creating the arid environment typical of the horse latitudes. 
Paleo-tectonic topographic highs such as Belt Island to the north and the Sheridan Arch 
to the south influenced deposition of the Gypsum Spring Formation. The topographic highs 
restricted open marine water from refreshing the basin during periods of sea level regression 
increasing the salinities of the waters within the basin as evaporation increased. These 
topographic highs also provided the source for elastic sediments deposited in the basin as 
mudstones. 
Belt Island was a major influence controlling circulation of marine waters and deposition 
of elastic sediments during the Zuni Transgression. The lower unit was deposited in shallow 
water as evidenced by current deposited micritic carbonate muds and elastic gypsum crystals. The 
massive gypsum beds, of the lower unit, were deposited in a subaqueous to supratidal 
environment. These massive beds can be traced across the entire basin. Minor fluctuations 
between intertidal and supratidal zones were common and is evidenced by the presence of 
interlaminae of dolomite and gypsum. Generation of this large of gypsum deposit would have 
only been possible by a breached barred basin where periodic marine water flooding of the basin 
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occurred. Belt Island only acted as a periodic barrier and minor fluctuations in sea level meant 
high stand systems tracts flooding the basin with fresh marine water cycled with low stand 
systems tracts leaving the basin restricted from an influx of fresh marine water. Post depositional 
dissolution of the basal gypsum layers of the lower unit of the Gypsum Spring Formation created 
a collapse breccia or a rauhwacke. Exposure of the Gypsum Spring formation along the flanks of 
the Big Hom Mountains provided a mechanism for meteoric and terrestrial fresh water to 
infiltrate and dissolve the basal gypsum layers. 
During the deposition of the middle unit of the Gypsum Spring Formation, Belt Island 
became a less prominent feature in the control of marine waters into the Big Hom Basin. A 
general sea level rise flooded the basin creating a warm shallow marine environment with near 
normal salinities. The environment was conducive to marine life and the middle unit is riddled 
with bioclasts, shell fragments, and molds and casts of many organisms. Included in the biota 
found in the middle unit are pelecypods, crinoids, ammonites, and gastropods. There were also 
several decopods found by the author, which have not as yet been identified. 
The middle unit represents a gradual increase in depth of marine waters. The transition 
from thickly bedded limestones in the lower part of the middle unit to thinly bedded in the upper 
part represents a relative deepening of marine water. Storm deposits can be identified and are 
typified by thinner mud dominated one event beds. Fossiliferous limestone beds in the middle 
unit are traceable across the entire Big Hom Basin and into Montana. 
The sediments of the upper unit indicate a gradational return to a restricted marginal 
marine environment. The lower part of the formation contains thin gypsum stringers and alga-
biolithites. The presence of the gypsum indicates that seal levels began to recede and Belt Island 
began to play a more important role in the restriction of the basin from open marine waters. 
Salinities increased in the restricted basin and gypsum deposition occurred. 
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